An open-label randomized clinical trial of prophylactic paracetamol coadministered with 7-valent pneumococcal conjugate vaccine and hexavalent diphtheria toxoid, tetanus toxoid, 3-component acellular pertussis, hepatitis B, inactivated poliovirus, and Haemophilus influenzae type b vaccine Methods: Healthy infants (N = 301) who received a 3-dose infant series of PCV-7 and DTPa-HBV-IPV/Hib plus a toddler dose were randomly assigned 1:1 to prophylactic paracetamol (125 mg or 250 mg suppositories, based on body weight) at vaccination, and at 6-8 hour intervals thereafter, or a control group that received no paracetamol. Rectal temperature and local and other systemic reactions were measured for 4 days post vaccination; adverse events were collected throughout the study.
Background
In two clinical trials, infants who received 7-valent pneumococcal conjugate vaccine (PCV-7) concomitantly with a hexavalent vaccine (diphtheria, tetanus, acellular pertussis, hepatitis B, inactivated poliovirus, Haemophilus influenzae type b [DTPa-HBV-IPV/Hib]) had an almost 2-fold higher incidence of febrile reactions than those who received these combination vaccines alone [1, 2] . Since febrile reactions play a major role in the parents' perception of vaccine tolerability and might even stop parents from having their infants immunized, some health care providers tend to prophylactically administer paracetamol (acetaminophen, Benuron®) as part of immunization practice. Data on this preventative strategy are scarce; therefore, to assess this approach, we performed a study on the effect of prophylactic paracetamol administration on febrile and other common vaccine reactions following routine coadministration of PCV-7 and DTPa-HBV-IPV/Hib.
Methods

Study design and participants
This was an open-label, randomized study conducted at 22 pediatric offices in Germany. The study was approved by the ethics committee of the Goethe-Universität, Germany, and conducted from May 2005 to December 2006 in accordance with the Declaration of Helsinki. Written informed consent was obtained from parents/ legal guardians from all subjects before enrollment. Healthy infants aged 56-112 days were enrolled in the study. Contraindications to study participation were a gestational age <37 weeks and/or a birth weight <2,500 g and/or a body weight <4,000 g at enrollment; failure to thrive; immune deficiency or suppression; severe congenital malformations or neurological or other severe chronic disorders; any history of seizures; bleeding disorders; prior administration of blood products, other vaccines, or antipyretics for other indications; a known intolerance to paracetamol or the scheduled vaccines; or participation in another investigational study.
Interventions
Subjects received PCV-7 (Prevenar®, Pfizer Inc; containing pneumococcal serotypes 4, 6B, 9V, 14, 18C, 19F, and 23F) and DTPa-HBV-IPV/Hib (INFANRIX hexa™, GlaxoSmithKline) at ages 2, 3, and 4 months (infant series) and at age 11-14 months (toddler dose) as 0.5 mL intramuscular injections into the left and right anterolateral thigh, respectively. The prophylaxis group received three paracetamol suppositories at 6-8 hour intervals, receiving the first immediately after vaccination. Children weighing <7 kg received paracetamol 375 mg/day; children weighing 7 to <10 kg received paracetamol 500 mg/day; and children weighing ≥10 kg received paracetamol 750 mg/day (given as 125mg and 250mg suppositories). If required for therapeutic purposes, paracetamol was to be offered to the participants at the investigator's discretion. To prevent overdose, subjects in the prophylaxis group were not to receive paracetamol in addition to their study medication on the day of vaccination or sooner than 6 hours after their last dose.
Assessments
In an electronic diary, the parents or legal guardians recorded the subject's core (rectal) temperature using a digital thermometer in the evening of the day of vaccination (day 1) and in the morning and evening of days 2-4. Fever was defined as the endogenous elevation of at least one measured body temperature of ≥38°C [3] .
Local reactions were measured using a caliper on a numeric scale from 1 to 14 (or 14+ if larger), and systemic reactions were recorded in the e-diary on days 1-4 along with the time and dose of paracetamol treatment, and any other non-study antipyretic treatment. Adverse events (AEs) were recorded by the investigator on the case report form at each visit.
Statistical methods
The sample size was based on the following assumptions: the incidence of fever following any of the first three doses in the control group (without antipyretic prophylaxis) was 65%; ≥50% reduction in incidence of fever; ≤15% of subjects would drop out before the end of the infant series; with alpha = 0.05, 2-sided. A total of 120 evaluable subjects per group provided ≥95% power to show a lower 95% confidence interval (CI) >0 for the incidence of fever following any of the first three doses. For the toddler dose, assumptions were as follows: ≥70% of subjects completing the infant series returned for their toddler dose; the incidence of fever following the toddler dose in the control group was 40%; ≥50% reduction in incidence of fever was desired; with alpha = 0.10, 2-sided. A total of 90 evaluable subjects per group provided ≥80% power to show a lower 90% CI >0 for the incidence of fever. To ensure an overall sufficient sample size, 150 subjects per group were to be enrolled.
Participants were randomly assigned in a 1:1 ratio to the prophylaxis group or to the control group using the sponsor's Clinical Operations Randomization Environment II system with a block size of 4. Subjects who discontinued after random assignment were not replaced.
Populations for analysis
The intent-to-treat (ITT) population included any randomly assigned subject, with or without fever ≥38°C who had at least 1 recorded post vaccination temperature. However, a decision to include subjects in the actual ITT analysis of fever (denominator N) was dependent on whether or not data was missing. To be counted as not having a fever, all temperature measurements were required. Thus, if a subject's highest temperature was 38.5°C and had at least 1 missing temperature measurement, then this subject would be included in the analysis of fever ≥ 38°C and excluded from the analysis of fever >39°C. Inclusion of Figure 1 Flow diagram of the trial *Withdrawals from the intent-to-treat (ITT) population are included among withdrawals from the per protocol (PP) population; subjects may be excluded for more than one reason. MMR = measles, mumps and rubella. subjects with missing data as "absent" (no fever) would otherwise lower the rate of fever reported.
The per protocol (PP) population included subjects who received their allocated medication, all four doses of study vaccine, and had a sufficient number of temperatures recorded to permit evaluation. For handling missing data the same logic as for the ITT population was applied. The safety population included all subjects who received at least one dose of study vaccine. Subjects who lacked any safety data (AE, reactogenicity, or temperature) for a particular vaccination were excluded from that analysis. Separate safety populations were defined for each vaccination.
The primary endpoint was the incidence of fever (core temperature ≥38°C) after the infant series and after the toddler dose in each group. The secondary endpoint was the incidence of fever >39°C after each dose in each group. The incidence of fever in the prophylaxis group relative to the control group (relative risk [RR]) and 2-sided 95% CI estimates of efficacy (1−RR) were evaluated. The 2-sided, 95% CIs were computed using exact methods, conditional upon the total number of subjects reporting fever. If there were fewer than five subjects with fever in the control group, then only the estimate of efficacy was computed and no CIs were presented.
The safety endpoints included the incidence of local and systemic reactions, and AEs after each vaccination. AEs were categorized according to the Medical Dictionary for Regulatory Activities. Comparisons between groups were performed using a 2-sided Fisher exact test.
Results
A total of 301 subjects were randomly assigned to the prophylaxis group (n = 148) or to the control group (n = 153). Details of the ITT and PP populations are presented in Figure 1 . The demographic characteristics of the ITT population were generally similar across groups except that there were slightly more males in the *Efficacy is 1 − relative risk (prophylaxis group relative to control group). Confidence interval (CI) is computed using exact methods conditional upon the number of subjects having reported the specific fever. No CI was computed when <5 subjects reported a febrile reaction. Differences between groups is significant if lower limit of 95% CI >1 for computed efficacy and similar if 95% CI includes 1. ITT intent-to-treat population, PP per-protocol population, N number of subjects included in the analysis, n number of subjects with the specified degree of fever, NA not applicable.
control group (Table 1) ; the demographic characteristics of the PP and safety populations were similar to those of the ITT population (data not shown).
Efficacy of antipyretic prophylaxis
In the ITT analysis population, the incidence of fever ≥38°C during the infant series was significantly reduced in the prophylaxis group compared with the control group; however, the toddler dose of paracetamol had no significant impact on fever ≥38°C (Table 2) . Similar results were observed in the PP analysis population ( Table 2 ). Fever >39°C after the infant series was an overall rare event, and was observed in ≤5 subjects, limiting the assessment of paracetamol efficacy in both the ITT and PP analyses populations. After the toddler dose, paracetamol's prevention of fever >39°C reached significance in the PP analysis population only ( Table 2 ). The percentage of subjects administered therapeutic non-study antipyretics in the ITT population within 15 days post vaccination was higher in the control group than in the prophylaxis group for both the infant series (35.5% and 19.6%, respectively) and after the toddler dose (32.0% and 17.3%, respectively).
Local reactions after PCV-7 and DTPa-HBV-IPV/Hib
The majority of local reactions were mild or moderate in severity. The incidence of local reactions increased after the toddler dose. Local reactions were less frequent in the prophylaxis group; however, statistical significance was only reached after PCV-7 for tenderness after dose 1 (p = 0.049) and for redness after dose 2 (p = 0.017) ( Table 3) .
Systemic reactions
Systemic reactions were generally less frequent in the prophylaxis group with significant differences noted for fever, rash, irritability, drowsiness, decreased appetite, persistent inconsolable crying, and decreased activity after at least one dose in the infant series (all p < 0.05). After the toddler dose, where systemic reactions occurred more often, only "activity" was significantly decreased in the prophylaxis group (p = 0.005) ( Table 4) .
Seventeen serious adverse events (SAEs) were reported in 10 subjects (three subjects in the control group and seven in the prophylaxis group), and were medical conditions commonly seen in this age group. Two subjects in the prophylaxis group experienced seizures; one subject had an afebrile seizure on day 6 after the third dose of study vaccine, and one had febrile seizure on day 24 after the toddler dose. No SAEs were considered related to the study vaccines or study medication. No safetyrelated discontinuations or deaths were reported in this study.
Discussion
This study showed that prophylactic paracetamol significantly prevented fever ≥38°C after routine administration of PCV-7 and DTPa-HBV-IPV/Hib when ‡ Severe swelling and redness was defined as an area >7 cm. n number of subjects reporting the event, N number of subjects reporting "yes" for at least 1 day or "no" for all days, NA not applicable.
administered during the infant series, but not after the toddler dose. Fever >39°C was an overall rare event during the infant series, limiting a statistical assessment; however, after the toddler dose, paracetamol significantly prevented fever >39°C in the PP analysis population, but not in the ITT analysis population. Due to the very conservative approach taken of handling missing data, the incidence of fever reported in this manuscript may be an over-estimate of the true rate. Inclusion of subjects with missing data would otherwise have lowered the rate of fever reported. Therefore, there is a potential of a bias, which may have caused a reduction in the assessment of efficacy of prophylactic paracetamol. True efficacy may be higher than what is reported here.
Paracetamol also tended to prevent local reactions at the injection sites, but for the majority there were no significant differences between groups, especially after the toddler dose. Paracetamol significantly reduced the incidence of all systemic reactions after at least one dose during the infant series; but again, there were no significant differences between groups after the toddler dose except for the assessment of decreased activity, which was observed less frequently in the paracetamol group. Our data are generally consistent with that of other studies [4] [5] [6] [7] , but not with studies where a single dose of paracetamol was administered, which reported no significant impact on any reactions [8, 9] . In all studies, paracetamol generally seemed to have less impact after the toddler dose. Two studies in children aged 4-6 years who received a fifth dose of DTPa, or a booster dose of diphtheria-tetanus-pertussis (whole cell) vaccine, reported no significant impact of paracetamol on the incidence of local reactions [5, 10] . Local reactions in children generally occur more frequently after a booster dose such that the weak anti-inflammatory mechanism of paracetamol may not be sufficient to control inflammation, suggesting that ibuprofen may be a better alternative if required [11] .
Of note, recent studies with pneumococcal conjugate vaccines and DTPa-HBV-IPV/Hib have shown that prophylactic paracetamol reduced immunogenicity of all antigens studied. However, a high proportion of participants still achieved immune responses believed to correlate with protection, suggesting that vaccine efficacy was not impacted [6, 12] .
Overall, fever reactions were mainly mild and of little concern to parents. Fever >39°C was rarely observed after the infant series and occurred in approximately 13% of the control group after the toddler dose. However, exposure of a whole population to prophylactic antipyretics to prevent fever in the minority does not seem justified, whereas targeted treatment of symptoms would reduce the number of individuals unnecessarily exposed to the risk of toxicity [13] .
The major limitation of this study was the lack of immunogenicity data; this is currently being addressed in a study assessing the prophylactic use of ibuprofen and paracetamol on immunogenicity of 13-valent pneumococcal conjugate vaccine when coadministered with DTPa-HBV-IPV/Hib [14] . The relatively higher dose of paracetamol used in this study to prevent fever was due to the lack of availability of suppositories in smaller doses at the time of the study, limiting weight-adjusted dosing.
Conclusion
The data support current recommendations [15] that analgesic/antipyretics should be given only to treat clinically relevant post-vaccination symptoms and not for routine prophylaxis.
